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Introduction
Salganik, Dodds and Watts (2006) created the artificial cultural market Music Lab, in which more than 14,000 individuals participated. The participants were asked to listen to, rate, and, if they chose, download songs by bands they had never heard of. One group of individuals did not receive any information about the popularity, in the form of download statistics, of different songs, whereas this information was given to individuals in eight other groups, or "worlds," in the experiment. The aim of this experimental design was for the former group of individuals to determine the quality of the songs, whereas the individuals in the different "worlds" determined the success of the songs, allowing for social influence between individuals. Salganik et al. (2006) found that the success of a song was only partly determined by its quality. In fact, the most popular songs were much more popular, and the least popular songs were much less popular, than when disallowing social influence between individuals. Moreover, the particular songs that became popular were different in the different "worlds," which led the authors to conclude that "when individual decisions are subject to social influence […] there are inherent limits on the predictability of outcomes" (Salganik et al. 2006:856) . A striking example of the large variation in the outcome of a specific song in the different "worlds" was the song Lockdown. In terms of quality, the song was ranked 26 th out of 48 songs. However, in one "world," the same song was ranked 1 st , whereas in another "world," it was ranked 40 th (Watts 2007 ).
In addition, in reference to his findings in Salganik et al. (2006) , Watts (2007) (1968; 1988) who coined this term due to his observation that better-known scientists tend to receive more academic recognition than lesser-known scientists for similar achievements.
Consequently, better-known scientists attract more resources at the expense of lesser-known scientists, which widens the gap between the two groups' resources and achievements:
he Matthew effect is the accruing of large increments of peer recognition to scientists of great repute for particular contributions in contrast to the minimizing or withholding of such recognition for scientists who have not yet made their mark. The biblical parable generates a corresponding sociological parable" (Merton 1988:609) .
We show (in Section 2) in this short paper that the Matthew mechanism was present in the artificial cultural market Music Lab when social influence between individuals was allowed, whereas this was not the case when social influence was not allowed. We also sketch (in Section 3) on a class of social network models, derived from social influence theory, that may generate the Matthew effect. Thus, we propose a theoretical framework that may explain why "Madonna would have been popular in this world, but in some other version of history, she would be a nobody, and someone we have never heard of would be in her place" (Watts 2007 ).
The Music Lab experiment and the Matthew mechanism
The bounded dynamic process generates
where is the state of the Music Lab experiment in one "world." For an -dimensional process as in (1), there are Lyapunov exponents that are ranked from the largest to the smallest value: . Bask and Bask (2013) 
, which is topologically conjugate to the unknown dynamic process :
.
is, therefore, a reconstructed dynamic process that has the same Lyapunov exponents as the unknown dynamic process .
To estimate the Lyapunov exponents of the unknown dynamic process , we first reconstruct the dynamic process . However, because
the reconstruction of the dynamic process reduces to the estimation of :
which is a non-linear autoregression of order (with no error term). Moreover, because the Jacobian on the reconstructed state is
we use a feed-forward neural network to estimate the above derivatives and, thus, to estimate the Lyapunov exponents consistently Gençay and Dechert 1992) .
We do so because Hornik, Stinchcombe and White (1990) showed that a function and its derivatives of any unknown functional form can be approximated arbitrarily accurately by such a neural network. Specifically, after estimating the derivatives in (10) with a neural network, we estimate the Jacobian . Having repeated this procedure at each point in time along the reconstructed trajectory , we estimate the Lyapunov exponents of the reconstructed dynamic process , which are the same as the Lyapunov exponents of the unknown dynamic process :
where each limit is taken in the direction identified with the corresponding eigenvector in tangent space. Of course, our interest is restricted to the estimate of the largest Lyapunov exponent, , because the positivity of this exponent means that the Matthew mechanism is present in the dynamic process that generates songs' market shares of downloads in the Music Lab experiment.
Finally, how can we test whether the Matthew mechanism is present in one "world" in the Music Lab experiment? Shintani and Linton (2004) derived the asymptotic distribution of a neural network estimator of the Lyapunov exponents:
where is the estimator of the th Lyapunov exponent, based on the reconstructed states on the trajectory , and is the variance of the th Lyapunov exponent. To test the hypothesis that the Matthew mechanism is present in the dynamic process that generates songs' market shares of downloads in the Music Lab experiment, we consider the null and alternative hypotheses,
where our interest is restricted to the sign of the largest Lyapunov exponent. The test statistic is , where is a consistent estimator of (Andrews 1991) . Thus, the null hypothesis (no Matthew mechanism) is rejected when , where the significance level is and is the standard normal random variable.
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Following Salganik et al. (2006) , we used a song's market share of downloads as the measure of how successful a song was. Specifically, in each of the nine "worlds"-including eight social influence "worlds" and one "world" that disallowed social influence between individuals-we used the song Lockdown's market share of downloads as our reconstruction variable.
After removing the first 200 observations in each of the nine time series-one time series for each "world"-to avoid transients in the dynamics (because there was a clearly defined beginning in each "world"), we estimated the largest Lyapunov exponent, making use of 4, 8, and 12 inputs to the neural network, where the number of hidden units ran, in each case, from 2 to 12 units (which means that we estimated 33 neural networks for each "world"). We then selected the estimate of the largest Lyapunov exponent associated with the neural network that minimized the Schwarz Information Criterion for each "world." The estimation results for the "worlds" in the Music Lab experiment by Salganik et al. (2006) can be found in Table 1 .
[ Table 1 about here.]
We found that the Matthew mechanism was (statistically significantly) present in two social influence "worlds:" 1) the 7 th "world," with ( value ), and 2) the 8 th "world," with ( value ). The latter "world" was also the "world" with the greatest inequality in the popularity of songs (see Figure 1B in Salganik et al. 2006) . Interestingly, the Matthew mechanism was (statistically significantly) not present when social influence between individuals was disallowed ( ; value ). Also of note is that the magnitude of was very large in the 7 th "world."
Social influence and the Matthew mechanism
Undoubtedly, a theoretical model that explains the Matthew mechanism in the Music Lab experiment must be a heterogeneous agent model. One class of heterogeneous agent models that fits well for this aim are social network models derived from social influence theory (Friedkin and Johnsen 1990; 2003) . This class of models is described by the following dynamic process: Under what conditions is the social influence process in (14) 
Thus, the degree of social influence between individuals in the social network is strongest in the process in (15), whereas there is no social influence in the process in (16). Hence, the latter process corresponds to the 9 th "world" in the Music Lab experiment when social influence between individuals was not allowed. Also of note is that the process in (16) is not dynamic, which means that the process is not able to generate the Matthew effect.
Lastly, individuals' opinions affect the state of the Music Lab experiment since the opinions affect songs' market shares of downloads. Thus, if is chosen carefully, the social influence process in (14) (or (15)) may generate the Matthew effect. Of course, must not be limited to only depend on individuals' opinions about a song at time . It is our belief that research along these lines may provide a deeper understanding of why there are inherent limits on the predictability of outcomes when individuals' opinions are subject to social influence. 1 1-8 are social influence "worlds," and 9 is the "world" that disallowed social influence between individuals.
2 The number of observations after the first 200 observations has been removed from the original time series.
3 The value is based on the quadratic spectral standard error. Table 1 Estimation results for the "worlds" in the artificial cultural market Music Lab.
